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SUBJECTIVE ASSESSMENT OF SIMULATED HELICOPTER BLADE-SLAP NOISE 


Ben William Lawton 
Langley Research Center 


SUMMARY 

A study was conducted to examine the effects of several characteristics of 
helicopter blade slap upon human annoyance. Blade-slap noise was simulated by 
using continuous and impulsive noises characterized by five parameters: The 

number of sine waves in a single impulse; the frequency of the sine waves; the 
impulse repetition frequency; the sound pressure level (SPL) of the continuous 
noise; and the idealized crest factor of the impulses. Ten-second samples of 
noise were synthesized with each of the five parameters at representative levels. 
The annoyance of each noise was judged by 40 human subjects. 

Analysis of the subjective data indicated that each of the five parameters 
had a statistically significant effect upon the annoyance judgments. The impulse 
crest factor and SPL of the continuous noise had very strong positive relation- 
ships with annoyance. The other parameters had smaller, but still significant, 
effects upon the annoyance judgments. 


INTRODUCTION 

Human reaction to conventional take-off and landing aircraft may be quanti- 
fied or predicted fairly well by using a variety of noise-rating scales. These 
rating schemes are commonly based upon A-weighted sound pressure level or per- 
ceived noise level. However, these scales do not predict or quantify so well 
the human response to helicopter noise. Such noises, which can range from puls- 
ing to impulsive, are different in character from the continuous noise of conven- 
tional aircraft. 

Subjectively, helicopter noise is easily recognized as such because of its 
impulsive nature. This impulsiveness varies between aircraft and flight condi- 
tion, ranging from marginally perceptible modulation to severe repetitive bangs, 
called blade slap. When blade slap occurs, the helicopter noise is markedly dif- 
ferent from conventional aircraft; blade slap is the most easily detectable and 
most annoying noise that a helicopter can make (refs. 1 to 3). 

The common aircraft noise-rating scales generally underestimate human reac- 
tion to impulsive helicopter noise, particularly blade slap; that is, such noises 
are subjectively louder or more annoying than the noise scales indicate (refs. 2 
to 8). This underestimation discrepancy has been well documented, and it is gen- 
erally agreed that the discrepancy is caused by some factor that has to do with 
the impulsiveness of helicopter noise. As a solution to this problem, some 
researchers have suggested modifying the accepted noise-rating scales or using 
an impulse noise correction to account for the added subjective reaction to heli- 
copter blade slap. 



When a helicopter exhibits blade slap, a pressure- time trace of the acous- 
tic signal shows a series of relatively short duration acoustic events with high 
amplitude. Each of these acoustic events, which stands out from the helicopter 
continuous noise, is repeated at a very low frequency, usually between 8 and 20 
Hz. Certain characteristics of blade slaps and other impulsive noises have 
attracted the interest of noise researchers, namely; 

( 1 ) Impulse rise time 

(2) Peak amplitude and crest factor 

(3) Duration of impulse 

(4) Harmonic or narrow-band spectral analysis of the impulses 

(5) Impulse repetition frequency 

Generally, these factors are known to influence human reaction to helicopter 
blade slap. However, information relating these individual factors to annoyance 
or disturbance is sketchy or scarce. In most cases, only one variable has been 
examined, holding any other variables at typical or arbitrary values. 

In sonic-boom research (ref. 9), rise time of the impulse was examined. 

The reference states that for single sonic booms, as the rise time, or time for 
the impulse to reach its maximum value, increases, the loudness and annoyance 
decrease. For repeated impulses simulating helicopter blade slap, this finding 
was duplicated in another study (ref. 3). In reference 3, decreasing rise time 
made repeating impulse noise more annoying when compared to a one-third octave 
band of noise centered at 1 kHz. 

Sonic-boom research has also dealt with the duration of impulses and annoy- 
ance effects (ref. 9). For impulse durations on the order of hundreds of milli- 
seconds (much longer than for helicopter blade slap) , duration of the single 
impulse had no effect on loudness or annoyance. For impulses within the range 
of normal blade-slap Impulses (ref. 7), it was found that, when the duration 
exceeded 3 msec, loudness was independent of duration for repeated impulses. 

Perhaps the most striking attribute of helicopter noise is the strength of 
the impulse in relation to the broadband helicopter noise. This relationship 
is quantified by crest factor, expressed in terms of dB. In a relatively early 
experiment to establish some measure of the disturbance value of rhythmic, ampli- 
tude modulated noise as might be generated by helicopter rotors (ref. 10), it was 
found that the subjective assessment of such noise depends upon its peak, rather 
than root mean square, sound pressure level. More recent experiments (refs. 6 
and 11) have resulted in the classification of blade-slap severity in terms of 
crest factor. The references suggest that a blade-slap penalty should be added 
to the measurement of helicopter noise and should be applied when the blade-slap 
crest factor exceeds some threshold value. The proposals for blade-slap penalty 
specify that once the crest-factor threshold has been exceeded, the penalty shall 
be directly proportional to the increasing blade-slap crest factor. For severe 
blade slap, with crest factor approximately 20 dB, references 6 and 11, respec- 
tively, propose impulse corrections or penalties of 12 and 6 dB, A-weighted. 
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Such a wide discrepancy may indicate that, although an objective measure of 
impulsiveness is useful in distinguishing between helicopter noises, any blade- 
slap penalty may have to include interactions between blade-slap characteristics 
(ref. 11). 

Most investigations of the subjective effects of blade slap, either real or 
simulated, have been confined to testing only one out of the many possible 
characteristics . 

The study described in this paper was conducted to examine the subjective 
effects of several repeated impulse noise characteristics. Five variables were 
chosen to characterize helicopter blade slap, and these characteristics or param- 
eters were varied simultaneously. In this manner, it was possible to determine 
which of the five impulsive noise parameters made significant contributions to 
the subjective annoyance of each noise. Human subjects listened to short bursts 
of simulated helicopter blade-slap noise and rated the annoyance or disturbance 
of each noise. It was also possible to compare the subjective ratings and the 
objective rating scale measurements of each noise so as to assess how well the 
various noise-rating scales quantify human response to impulsive noise. 


EXPERIMENTAL DESIGN 

The purpose of this study was to determine which components of impulsive 
noise contribute significantly to the noise annoyance or disturbance. This 
determination was done by synthesizing impulsive noises, incorporating helicopter 
blade-slap characteristics, and having human subjects rate the annoyance caused 
by each noise. 

Five parameters were chosen to characterize helicopter blade slap and other 
repetitive impulsive noises. In order that these characteristics be tested in a 
systematic manner, all other possible sources of variation were held constant. 

The following parameters were chosen to characterize impulsive noises consisting 
of a series of repeated impulses superimposed upon a continuous noise: 

(1) The number of pressure excursions making one complete impulse, ideally 

the number of sine waves in a single impulse 

(2) The frequency of the sine waves used to synthesize the individual 

impulses 

(3) The repetition frequency of the impulses 

(4) The sound pressure level of the continuous noise used to simulate heli- 

copter broadband noise 

(5) The ratio of impulse peak to broadband noise sound pressure levels 

A factorial experimental design was chosen to test the effects of the five 
parameters listed. This experimental method requires that a low and high numer- 
ical value be assigned to each parameter. These values, presented in table I, 
were chosen to bracket the parameter ranges found in helicopter blade slap. 
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Thus, a 2^ factorial design was made that requires 32 noises to be judged or 
rated. Four samples of the nonimpulsive, broadband noise were added to the 
experimental design at various sound pressure levels. 

The 32 impulsive and 4 nonimpulsive noises made a total of 36 to be ran- 
domly ordered for presentation to the subjects. The order of noises was plan- 
ned to be in four groups of nine, with the restriction that one nonimpulsive 
test condition should occur within each of the four noise groups. Table II 
presents the ordering of the 36 test conditions or noises into the four groups, 
which were used to randomize further the noise presentation order. 

It was planned that human subjects listen to and give ratings for each of the 
test conditions or noises. So that the order of presentation should have minimum 
systematic bias on the subjective data, the four noise groups were specially 
ordered or counterbalanced. This counterbalance was done by constructing a simple 
4x4 Latin square for the various noise groups to make four presentation orders, 
as shown in table III. The conditions of presentation with replication imposed 
other restrictions; table IV shows the arrangement of subjects, sex, and tape 
order for each subject. 


EXPERIMENTAL EQUIPMENT AND PROCEDURES 
Stimuli 

Human subjects were to judge short bursts of repetitive impulsive noise. 

In order to have suitable control of the stimuli to be judged, the impulsive and 
continuous portions of the stimuli were synthesized and recorded simultaneously 
on separate channels of a stereo tape recorder. Thus, each portion of the noise 
stimuli could be controlled so as to produce the desired waveforms as specified 
in table II. Owing to the frequency response and transient signal characteris- 
tics of the loudspeakers to be used and the reflection characteristics of the 
test room, each input signal had to be specially tailored to produce the desired 
waveform at a position to be occupied by the subject's head. 

The tape-recorded noise stimuli were synthesized and reproduced by means 
of the electronic systems shown diagrammatically in figure 1 . Special care was 
taken to reproduce the impulsive noises. For this portion of the stimuli, a 
large, low-frequency cone woofer was used. The speaker box was packed with 
fiberglass so as to provide maximum acoustic damping. By using this specially 
modified loudspeaker, it was possible to reproduce reasonably the waveforms 
called for in the experimental design. 

The stimuli heard by the subjects were a constant level burst of noise 
lasting 10 sec. In order to avoid pedestal or startle effects, each noise 
stimulus had a 0.5-sec onramp and offramp. Each stimulus was followed by a 
9-sec period of silence, during which the subject was to record the rating for 
the stimulus before hearing the next noise. This presentation method is illus- 
trated in figure 2, which is a sketch of the pressure-time history of several' 
noise stimuli. 
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The noises to be heard by the subjects were monitored by using a microphone 
at a position to be occupied by the subject's head. The acoustic signal was 
examined in several ways, all of which are contained in appendix A. For each of 
the 36 test noises, a pressure-time-history sample is given along with the one- 
third octave-band analysis. The test noises were also subjected to narrow-band 
analysis to determine the harmonic structure of each. Representative narrow-band 
analyses are also presented in appendix A. 


Experimental Facility 

The test noises were presented to the subjects in a large auditorium-like 
room, having a volume of approximately 340 m^. This chamber is a relatively 
reverberant room, with a reverberation time of approximately 0.5 sec at 1 kHz. 
Owing to the reflection and reverberation characteristics of the test chamber, 
it was necessary to take special precautions that the subjects receive the 
desired stimulus waveforms. The impulse and continuous noise speakers were 
placed against the front wall of the room, as shown in the photograph* of fig- 
ure 3. The subject's chair was positioned as shown in the photograph, with the 
subject's head approximately 1 m from and on the axis of the impulse woofer. In 
order to shield the subject from undesirable room reflections, the chair was sur- 
rounded by an arrangement of free-standing sound-absorbing panels, which can be 
seen in the photograph. 


Subjects 

Forty human subjects were hired to listen to and rate the test noises. 

Before participating in the experiment, each subject was screened to meet mini- 
mum audiological standards, 20-dB hearing level. The numbers of test subjects 
were equally divided between the two sexes. The 20 male subjects, ranging in 
age from 19 to 4? yr with median 27.5 yr, were students, professionals, and 
businessmen. The 20 female subjects, ranging in age from 19 to 63 yr with median 
34.5 yr, were housewives, students, and businesswomen. 


Testing Procedure 

Before reporting to the laboratory to participate in this study, all sub- 
jects were screened for medical and audiological contraindications and questioned 
to obtain minimal demographic data. Two subjects participated in each testing 
session, which lasted approximately 2 hr. Upon arriving for testing, both sub- 
jects were asked to read the instructions (see appendix B) so that they could 
give their informed consent to participate in the experiment. Each subject wa^ 
then given the voluntary consent form (see appendix B) to read, date, and sign. 
Following these preliminaries, the instructions were read aloud to the subjects 
as they read along to themselves silently; also the subjects were introduced to 
the rating sheet (see appendix B), which they would use to record their anno v' nee 
ratings for each noise. 

The subjects were tested individually; one subject listened to and rated 
the 36 test noises, while the other remained in the briefing lounge. The first 
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subject was taken into the test chamber and seated in the subject's chair. At 
this time, the safety equipment and procedures were explained to the subject, 
after which the experimenter left the test room and the test was begun. 

The first subject then heard a sample of three test noises so that the 
noises and rating procedure would be familiar. If the subject had no questions 
after listening to the familiarization sample, the main body of .the experiment 
was begun. The four counterbalanced noise groups were played for the subject, 
who had four rating sheets for this first turn at testing. 

When the first subject had heard and rated the annoyance of the 36 test 
noises, he returned to the briefing room while the second subject went into the 
test chamber and followed a similar procedure. For each subject's second turn 
of rating the noises, the familiarization sample noises were not presented. In 
all, the two subjects for a particular session would each listen to and judge 
the test noises twice, and each have two periods in the lounge, taking turns as 
appropriate . 

An entire test session would last approximately 2 hr. This period included 
pretest briefing and instructions, taking turns judging the noises, and a brief 
rest break after each subject had taken his first turn. When the subjects had 
completed their assigned portion of the experimental design, they were dismissed 
and given post-test audiograms. 

In all, 40 subjects participated in the experiment. Testing sessions were 
held in the morning and afternoon, with two subjects for each of 20 sessions, 
with sex, tape orders, and so forth being counterbalanced as shown in table IV. 


DATA ANALYSIS AND RESULTS 

Forty subjects participated in this study, each listening to and judging the 
annoyance of 36 noises. Thus, including repeat judgments, there were 80 judgments 
for each of the 36 noises, both impulsive and continuous. In all, there were 2560 
judgments for the impulsive noises, with an additional 320 for the nonimpulsive 
continuous noises. 


Analysis of Variance 

The 2560 annoyance judgments made on the impulsive noises were analyzed by 
using an analysis-of- variance procedure. This analysis was done to determine 
which parameters of the experiment had any significant effect upon the annoyance 
ji^dgments made by the subjects. 

The parameters, or sources of variation in the judgments, examined fall into 
two general classes. First, the conditions were examined which specify the test 
noises, that is, the five parameters used in synthesizing the impulsive noise. 
Also included are all combinations or interactions of noise parameters, which 
might produce systematic changes in the annoyance responses. The second main 
class of parameters or sources are concerned with the subjects. Here, the anal- 
ysis examined changes in annoyance response due to the individual subjects and 
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their repeatability. The results of the analysis of variance are presented in 
table V. In this table, the sources of variation are listed and the two hypoth- 
eses for each source are tested. The null hypothesis, that any particular source 
produced no change in the annoyance responses, is intended to be rejected if pos- 
sible. Rejection of this null hypothesis leaves the alternate hypothesis remain- 
ing, that the net effect for a source was not equal to zero. Of the variables 
listed in the table, rejection of the null hypothesis at the 0.01 significance 
level is indicated by an asterisk (*); that is, the sources of possible variation 
were shown to produce changes in the annoyance responses given by the subjects. 

All other variables were shown to produce no effects statistically distinguish- 
able from chance response variations (failure to reject the null hypothesis). 

Reference to the analysis of variance in table V indicates that each of^the 
main sources of variation (the five parameters used in synthesizing the test 
noises) shows F- values which greatly exceed the critical F- value of 6.63. Thus, 
each of the synthesizing parameters had a statistically very strong effect upon 
the annoyance responses to the noises. A more severe test of only the five main 
sources is presented in table VI. This simple five-way classification minimizes 
the possibility of rejection of each null hypothesis, that each source had no 
effect upon the annoyance judgments. As in the more detailed analysis of vari- 
ance, each source was found to be significant at the 0.01 level. 

Since each of the sources or parameters is found to be significant, it is 
now necessary to determine in which direction the parameters influence the annoy- 
ance responses. Figure 4 illustrates the effect of each of the five parameters. 

In the figure, the vertical axis is mean annoyance rating over all subjects, and 
on the horizontal axis is shown the value chosen to quantify the parameter. The 
bars of each part of the figure represent half of the impulsive noises, that is, 
noises characterized by the high and low values assigned to the parameter. For 
each of the five parameters, the high value (for example, 20-Hz impulse repeti- 
tion frequency in contrast to 8 Hz) produced higher mean annoyance response. 

A comparison between the parts of the figure shows that level of the continuous 
noise and idealized crest factor have a very strong positive relation with mean 
annoyance. In contrast, the other variables, number of sine waves, frequency of 
sine waves, and impulse repetition frequency, have a considerably smaller positive 
relation with mean annoyance, though still statistically significant. 


Test-Retest Repeatability 

As explained in previous sections, each subject judged each noise twice. 
This procedure was done to assess how well the subjects were able to perform 
their annoyance judgment task. If each subject was able to act as an ideal 
annoyance meter, there should be no variable in judgment between the two times 
each noise was judged. In the analysis of variance (table V), this idea was 
tested under the source repeats. At the 0.01 level, the analysis of variance 
failed to reject the null hypothesis that repeated judgments had no effect upon 
the annoyance responses given . 


This concept of repeatability of judgment is also illustrated in figure 5. 
In this figure, the horizontal and vertical axes are, respectively, first and 
second annoyance judgments (over repeats) for the same noise. Ideal subjects, 
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with perfect repeatability, could be represented as the dashed line y = x. The 
40 subjects who participated in the study are represented as the solid line, with 
equation and Pearson product-moment correlation coefficient given. Qualitatively, 
the nearness of the theoretical and actual lines in the figure indicates that the 
subjects were able to perform their judgment task with good repeatability, thereby 
supporting the repeats result of the analysis of variance. 


DISCUSSION 

Significance of Impulse Parameters 

,The analysis of variance (table V) indicates the statistical results used to 
determine which parameters significantly contributed to the annoyance response. 

In this analysis scheme, only the five main parameters and their interactions 
were of major interest. The main conclusion of this analysis scheme was that, 
of the five parameters used to synthesize the test noises, each proved to have a 
significant effect upon the annoyance responses. An even more severe test of 
these parameters is presented in table VI . Here , an analysis-of-variance pro- 
cedure was used to examine only the five main parameters; all other sources were 
combined into the random-error term. This five-way classification maximizes the 
random error against which the source effects are tested, thus making this a most 
severe test of each source effect. This five-way classification scheme general- 
izes to the population rather than the specific subject sample used for this 
experiment. Even with this most severe test, the five main parameters of the 
test noise still show significant effects upon the annoyance responses to the 
test noises. 

A comparison of the F-ratio values in table VI gives an indication of the 
strength of the effects of each of the various noise parameters. The level of 
the continuous broadband noise determines the general level of all the test 
noises and thus is the strongest of the parameters. The idealized crest factor 
specifies the level of the impulses superimposed on the broadband noise level. 
These two variables show very strong effects on annoyance, as indicated by the 
very large F- values and as illustrated in figure 4. The other three parameters, 
number of sine waves, frequency of sine waves, and impulse repetition frequency, 
have comparatively much smaller F-ratios, thereby indicating much smaller effects 
on annoyance response. These effects are relatively subtle when heard in the 
test noises as compared to the striking effects of changing both overall and 
impulse level . 


Subjective and Objective Measures 

This study has shown that each of the five parameters had a significant 
effect upon the noises' annoyance and in which direction the parameters affected 
the annoyance responses. Each of the five parameters also had an effect upon 
the objective measures of noise level. The test noises judged were constant 
level, 10-sec bursts, approximating short samples of helicopter hover noise with 
varying degrees of blade slap. These noise samples were measured and quantified 
by using noise-rating scales in common use for aircraft noise measurements. 
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Table VII presents these objective measures, as well as the subjective judg- 
ments, for both impulsive and continuous noises. 

Part of the data from table VII is plotted in figures 6 to 9. For each 
figure, the vertical axis is median annoyance rating over all subjects, whereas 
for the horizontal axis, different noise-rating scales are used. Median annoy- 
ance rating was chosen instead of the mean as a better representation of central 
tendency. This choice was made to account for skewness and truncation near the 
ends of the annoyance scale. 

In each figure, the nonimpulsive , continuous noises (numbers 9, 12, 23, and 
32) are represented as the solid symbols. The impulsive noises are represented by 
the open symbols. The trend of the impulsive noise is represented by the S- shaped 
dashed line in each figure. These curves were constructed by transforming the 
median annoyance judgments to unit normal deviates and performing a least-squares 
linear regression upon the deviate scores (dependent variable) and the various 
rating- scale units (independent variables). The resulting linear regression line 
was then transformed back into the medium annoyance scale. This procedure takes 
into account the truncation of the judgment distributions at the ends of the 
annoyance scale, thus giving a good representation of the overall trend in the 
data . 


In examining the figures, several interesting observations may be made. 

When the noises are quantified in terms of sound pressure level , both linear and 
A-weighted, and perceived noise level (all of- which are scales commonly used to 
quantify aircraft noise), the impulsive-noise- trend line falls to the left of the 
nonimpulsive, continuous noise points on the dB scale (as shown in figs. 6 to 8), 
thereby indicating a bias or discrepancy between objective and subjective mea- 
sures. Ideally, the two noise conditions, impulsive and continuous, should be 
indistinguishable when measured or plotted. For the two noise conditions, impul- 
sive and nonimpulsive, when judged equal in annoyance, the objective measurement 
of the impulsive noise underestimated the subjective reaction by approximately 
2 dB. However, when the noises were quantified in terms of A-weighted sound 
pressure level impulse, the nonimpulsive data points fall close to the trend 
line, thereby suggesting possible random error instead of systematic bias. These 
rather limited data imply that the A-weighted impulse gives a more accurate quan- 
tification of repeated impulse noise than the commonly used slow noise-rating 
scales. 

The results of the analysis of variance may be compared with the figures 
showing median annoyance rating as a function of noise level . Table VI shows 
that two of the. sources of variation, level of continuous noise and idealized 
crest factor, are quite strong in relation to the other three sources. This 
relation between sources of variation may be seen in figures 6 to 9 • The data 
points in these figures generally fall into four groups, determined by the low 
and high values for the two sources. These four groups of Impulse noises gen- 
erally determine the trend line of the impulse-noise-data points. However, 
within one group of impulse points, high level of continuous noise and low 
idealized crest factor, for example, there is some variation among the points. 
This variation, along both the dB and median annoyance scales, is due to the 
subjective and objective influence of the first three sources of variation in 
table VI. These sources, number of sine waves in an impulse, frequency of the 
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sine waves, and impulse repetition frequency, had relatively small but signifi- 
cant effects upon the annoyance responses. These sources may be considered 
"fine tuning" variables in predicting human response to repeated impulsive noise 
simulating helicopter blade slap. 


CONCLUDING REMARKS 

This study was conducted to examine the subjective effects of several heli- 
copter blade-slap characteristics. Five parameters were chosen to synthesize 
blade-slap noise: The number of sine waves in a single impulse; the frequency 

of the sine waves; the impulse repetition frequency; the sound pressure level 
(SPL) of the continuous, broadband continuous noise; and the SPL of the impulses 
superimposed upon the continuous noise . Short bursts of noise were synthesized , 
with the parameters at representative levels, and the annoyance of each noise 
was judged by 40 human subjects. 

The analysis of the annoyance data for the test noises indicated that each 
of the five parameters had a significant effect upon the annoyance judgments at 
the 0.01 level. The SPL of the continuous noise and the crest factor (derived 
by using SPL of the impulses) were shown to have very strong positive relations 
with annoyance. The other three parameters had smaller, but still significant, 
effects upon annoyance judgments. 

Annoyance judgments were also correlated with several noise measurement 
scales. This subjective-objective comparison showed that the noise scales com- 
monly used to quantify aircraft noise, linear SPL, A-weighted SPL, and perceived 
noise level, underestimate by approximately 2 dB the annoyance caused by the 
impulsive noises. One noise measurement scale, A-weighted impulse SPL, did give 
a more accurate representation of the annoyance of the noises simulating heli- 
copter hover with blade slap. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
November 5, 1976 
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TABLE I.- VALUES ASSIGNED TO FIVE PARAMETERS CHOSEN TO 


SIMULATE HELICOPTER BLADE SLAP 


Parameter 

Value of 
parameter 

Low 

High 

Number of sine waves in impulse 

1 

3 

Sine-wave frequency, Hz 

200 

400 

Repetition frequency of impulses, Hz 

8 

20 

Level of continuous noise, dB^ 

65 

80 

Idealized crest factor^ of impulsive noise, dB . . . 

15 

25 


^SPL dB referenced to 20 uPa. 

^Crest factor is defined as ratio of peak to root-mean- square pressure 
for an acoustic signal 


Crest factor 


Peak pressure 
rms pressure 


When converted to dB scale, crest factor is peak SPL minus rms SPL. For pur- 
poses of defining noises used in this study, an idealized crest factor was 
specified, peak SPL of impulses minus rms SPL of continuous noise. 


TABLE II.- RANDOMIZATION OF 36 TEST NOISES 



No. 

Frequency 

Impulse 

SPL of 

Idealized 

Noise 

Of 

of 

repetition 

continuous 

crest 


sine 

sine waves, 

frequency, 

noise , 

factor, 


waves 

Hz 

Hz 

1 

dB 

dB 





Noise group I 




1 

3 

200 

20 

65 

25 

2 

3 

400 

20 

65 

15 

3 

1 

400 

8 

65 

25 

4 

1 

400 

8 

80 

25 

5 

1 

200 

8 

65 

15 

6 

3 

400 

8 

65 

15 

7 

1 

200 

8 

80 

15 

8 

3 

400 

8 

80 

25 

9 


No 

ise group II 

80 


10 

1 

400 

8 

80 

15 

11 

1 

400 

20 

65 

25 

12 

— 

— 

— 

73 

— 

13 

1 

200 

8 

80 

25 

14 

3 

400 

20 

80 

25 

15 

3 

400 

8 

65 

25 

16 

3 

200 

20 

80 

25 

17 

3 

200 

20 

80 

15 

18 

1 

200 

8 

65 

25 
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TABLE II.- Concluded 


Noise 

No. 

of 

sine 

waves 

Frequency 

of 

sine waves, 
Hz 

Impulse 

repetition 

frequency, 

Hz 

SPL of 
continuous 
noise, 
dB 

Idealized 

crest 

factor, 

dB 



Noise group III 



19 

1 

400 

8 

65 

15 

20 

1 

400 

20 

80 

25 

21 

1 

200 

20 

80 

15 

22 

3 

400 

20 

65 

25 

23 

— 

— 

— 

65 

— 

24 

1 

200 

20 

65 

15 

25 

3- 

400 

8 

80 

15 

26 

1 

400 

20 

65 

15 

27 

1 

200 

20 

80 

25 



Noise group IV 



28 

3 

200 

8 

65 

15 

29 

3 

200 

8 

80 

25 

30 

3 

200 

8 

80 

15 

31 

1 

400 

20 

80 

15 

32 

— 

— 

— 

73 

— 

33 

3 

200 

20 

65 

15 

34 

3 

200 

8 

65 

25 

35 

1 

200 

20 

65 

25 

36 

3 

400 

20 

80 

15 
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TABLE III,- COUNTERBALANCED NOISE GROUPS 
WITH FOUR NOISE TAPE RECORDINGS 


Noise group 
tape recording 

I 

II 

IV 

III 

II 

III 

I 

IV 

III 

IV 

II 

I 

IV 

I 

III 

II 


TABLE IV.- ASSIGNMENTS OF SUBJECTS AND SEXES TO 
VARIOUS TAPE PRESENTATION ORDERS 


Tape presentation 


Fonale 


LA ^ L/ 

First 

Repeat 

1,5,9,13,17 

I II IV III 

III IV II I 

2,6,10,14,18 

III IV II I 

I II IV III 

3,7,11,15,19 

III IV II I 

I II IV III 

4,8,12,16,20 

I II IV III 

III IV II I 

21,25,29,33,37 

II III I IV 

IV I III II 

22,26,30,34,38 

IV I III II 

II III I IV 

23,27,31,35,39 

IV I III II 

II III I IV 

24,28,32,36,40 

II III I IV 

IV I III II 
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TABLE V.- RESULTS OF ANALYSIS OF VARIANCE 



Mean 

square 


77.006 

104.248 

55.460 

9307.838 

1460.170 

43.943 

3.969 

33.810 

.200 

.252 

5.738 

1.106 

.356 

4.709 

69.169 

8.719 

28.392 

12.100 

20.129 

.166 

2.704 

10.201 

1.278 
2.717 
1.661 
12. 155 
67.600 
14.732 
.008 
21.061 
14.131 
4.048 
136.286 
1.221 


F-ratio 


63.068 

*85.379 

45.422 

7623.127 

1195.880 
35.989 
. 3.251 
27.690 
.164 
.206 
4.699 
.906 
.292 
. 3.857 
56.649 
7.141 
*23.253 
, 9.910 
16.486 
.136 
*2.215 

8.355 

1 .047 
2.225 
^ 1.360 
„ 9.955 

*55.364 
12.066 
» -007 

„17.249 
11.573 

* 3.315 

111.618 


These F-ratio values are significant at 0.01 level. For one and infi- 
nite degrees of freedom at this level, critical F-value equals 6 . 63 . For 40 
and infinite degrees of freedom at 0.01 level, critical F-value equals 1.59. 
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TABLE VI.- RESULTS OF ABBREVIATED ANALYSIS OF VARIANCE 



Degrees 

Sum of 

Mean 


Source 

of 

squares 

square 

F-ratio 


freedom 




Number of sine waves 

1 

77.006 

77.006 

*22.510 

Frequency of sine waves 

1 

104.248 

104.248 

„30.473 

Impulse repetition frequency 

1 

55.460 

55.460 

16.212 

Level of continuous noise 

1 

9 307.838 

9307.838 

*2720.795 

Idealized crest factor 

1 

1 460.170 

1460.170 

. *426.825 

Error 

2554 

8 737.289 

3.421 


Total 

2559 

19 742.011 




*These F-ratio values are significant at 0.01 level. For one and infi- 
nite degrees of freedom at this level, critical F-value equals 6.63. 
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TABLE VII.- VARIOUS SUBJECTIVE AND OBJECTIVE MEASUREMENTS FOR 36 TEST NOISES 

[Peak and impulse noise-level measurements were made by eye-averaging 
man y meter readings from sound-level meter having peak- and impulse- 
hold functions; other noise levels were obtained by appropriate com- 
putations performed on one-third octave-band levels for each noise 
found in appendix A] 


Noise 

Annoyance 

rating 

Noise level , dB 

Mean 

Median 

Linear 

(rms) 

Linear 
( peak ) 

A-weighted 

(rms) 

A-weighted 
( peak ) 

A-weighted 

(impulse) 

PNL 

1 

1.92 

1.90 

80.0 

90 

68.3 

80 

70 

80.5 

2 

1.59 

1.45 

70.4 

85 

63.9 

78 

67 

75.1 

3 

2.70 

2.55 

74.0 

91 

66.2 

86 

69 

76.4 

4 

6.59 

7.30 

87.7 

105 

81 .2 

100 

85 

91.8 

5 

1.02 

.90 

68.5 

82 

59.1 

72 

59 

71 .0 

6 

1.84 

1.70 

68.9 

83 

61 .5 

77 

65 

73.2 

7 

4.85 

5.15 

82.8 

97 

73.4 

87 

75 

86.2 

8 

7.02 

7.85 

89.9 

106 

84.3 

99 

89 

95.2 

9 

3.79 

4. 10 

81.2 

93 

72.4 

83 

73 

84.9 

10 

4.23 

4.65 

82.1 

97 

74.2 

91 

78 

85.9 

11 

2.80 

2.70 

74.5 

91 

68.4 

85 

70 

78.4 

12 

2.00 

.1.60 

73.5 

86 

65.2 

77 

66 

76.7 

13 

6.04 

7.00 

88.7 

105 

78.5 

95 

81 

90.9 

14 

7.35 

8.35 

93.2 

106 

87.8 

100 

89 

98.1 

15 

2.48 

2.25 

75.1 

91 

69.5 

85 

74 

79.9 

16 

7. 18 

8.05 

94.5 

105 

83.9 

95 

87 

96.3 

17 

4.85 

5.40 

85.8 

97 

75.8 

88 

78 

89.1 

18 

1 .76 

1.80 

73.5 

89 

63.4 

80 

67 

75.2 

19 

1.27 

1 . 10 

68.1 

82 

59.7 

77 

62 

71.0 

20 

6.43 

7.05 

89.6 

105 

83.5 

99 

86 

93.8 

21 

4.64 

5.15 

84.3 

97 

74.6 

88 

77 

87.1 

22 

3.48 

3.65 

78.8 

90 

73.4 

86 

76 

83.4 

23 

.77 

.70 

67.2 

78 

58.0 

68 

59 

69.8 

24 

1.31 

1.20 

69.8 

82 

60.3 

72 

61 

72.1 

25 

5.74 

6.20 

83.4 

98 

76.0 

91 

78 

88.1 

26 

1.93 

1.75 

68.7 

82 

61.2 

77 

63 

72.0 

27 

6.94 

7.70 

91.3 

105 

81 . 1 

95 

83 

93.4 

28 

1.07 

.95 

69.5 

83 

59.7 

72 

61 

72.1 

29 

6.42 

7.30 

91 . 1 

105 

80.8 

94 

85 

93.6 

30 

4.44 

4.80 

84.8 

97 

75.2 

87 

77 

88.2 

31 

4.58 

4.95 

83.5 

98 

76.0 

90 

78 

87.2 

32 

1 .80 

1.45 

74.1 

85 

65.2 

77 

66 

77.3 

33 

1.32 

1.15 

71 . 1 

82 

61.0 

72 

62 

73.7 

34 

2.86 

2.70 

76.2 

89 

65.7 

79 

68 

78.5 

35 

2.82 

3.00 

76.4 

89 

66.2 

79 

69 

77.9 

36 

5.91 

6.60 

85.2 

98 

78.9 

92 

80 

90.3 
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generator 


Electronic Two -channel 
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Pink Spectrum 

noise shaper 

generator 


(a) Test-noise synthesis. 


Noise Amplifier 

Two-channel reduction output 

tape recorder system Amplifiers limiters Fuses | Speakers 



Test 

chamber 


(b) Test-noise reproduction. 

Figure 1.- Diagram of electronic systems used to synthesize and 

reproduce test noises. 



Figure 2.- Sketch of pressure-envelope time history for two test noises to 
illustrate method used to present test noises to subjects. 
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Figure 4.- Bar graph showing annoyance effect of five factors used to synthesize impulsive test noises. 
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annoyance 
judgment, y 



First annoyance judgment, x 


Figure 5.- Subject repeatability over all noises. 



9r 


Median 

annoyance 

rating 


y/- 


0 Continuous and impulsive noise 
4 Continuous noise 


^ / o 


o 




/ 

/♦ 




0 / 

0 

/ 

/ 

/ 0 




A 


0 / 


0 ^^ O 


65 


AL 

70 


I 

75 




80 85 

Noise level, dB 


90 


95 


— J 

100 


Figure 6.- Annoyance rating as function of linear sound pressure level. 
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Figure 7.- Annoyance rating as function of A-weighted sound pressure level. 
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Figure 8.- Annoyance rating as function of perceived noise level. 
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Figure 9.- Annoyance rating as function of A-weighted impulse 

sound pressure level. 
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APPENDIX A 


NOISE DESCRIPTION 

The noises to be heard by the subjects were monitored by using a microphone 
at a position to be occupied by the subject's head. For each noise, the acoustic 
signal in this head volume was subjected to one-third octave-band and narrow-band 
analysis. Oscillograph traces were also made of each test noise. 

Figures A1 to A36 present a portion of the acoustic analysis for each of the 
36 test noises. The top part of each figure shows a 0.3-sec sample of the oscil- 
lograph traces. Each pressure time history is presented with the same arbitrary 
vertical or pressure scale. The bottom part of each figure shows the results of 
real time, one-third octave-band analysis. These spectra are the result of aver- 
aging over 8 sec of the total noise length of 10 sec. 

The test noises were also subjected to narrow-band analysis to determine the 
harmonic structure of each. Representative narrow-band analyses, averaged over 
4 to 8 sec, are presented in figures A37 to A40. In these figures, the effects 
on harmonic structure of several experimental variables may be seen . The impulse 
repetition frequency determines the frequency spacing of the individual harmonic 
components, which are located along the frequency scale at integer multiples of 
the repetition frequency. The number of sine waves or complete cycles in an 
individual impulse determines the shape of the envelope of the harmonic compo- 
nents; as the number of cycles in an impulse increases, the envelope of level 
and frequency harmonic spikes shows more lobes in a specific pattern. The fre- 
quency of the sine waves used to synthesize the test noise shows up as the maxi- 
mum SPL harmonic component or near the maximum SPL spike in the major envelope 
lobe . 
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One-third octave-band center frequency, kHz 

Figure A1 .- Noise 1 . 
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Figure A2.- Noise 2. 
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Figure A9.- Noise 9. 
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One -third octave -band center frequency, kHz 

Figure A 10.- Noise 10. 
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Figure A 13.- Noise 13 . 
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Figure A 14.- Noise 14. 
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Figure A23.- Noise 23. 
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Figure A24.- Noise 24 
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One -third octave -band center frequency, kHz 


Figure A29.- Noise 29. 
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Figure A30.- Noise 30. 
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Figure A31.- Noise 31- 
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Figure A32.- Noise 32. 
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Figure A33.- Noise 33. 
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Figure A34.- Noise 3^ 
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Figure A35.- Noise 35. 
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APPENDIX B 


NOISE EXPERIMENT MATERIAL 

In this appendix are presented copies of the instructions given to the sub- 
jects, the voluntary consent form the subjects were required to sign, and the 
rating sheet which the subjects used to record their annoyance ratings for each 
noise , 


INSTRUCTIONS 


The experiment you are participating in today is to help 
us understand people's reaction to helicopter noise. You will 
listen to a series of noises and give a rating for each of the 
noises - how annoying, noisy, or objectionable is each noise. 


Maximum 9 
annoyance 


8 


You will be listening to two noise sessions. Each will 
last approximately 20 min, during which you will hear a series 
of short bursts of noise, separated by a longer period of 
silence. During the silent periods between each noise, please 
record your judgment of the preceding noise, using a scale 
like the one illustrated here . 


You see that the scale works like a thermometer. A noise 
that is not annoying, noisy, or objectionable would go at the 
bottom of the thermometer. The maximum of these qualities is 
at the top. In between these extremes, there, are equal inter- 
vals for noises that you judge to be between zero and maximum. 
After you have heard a noise, please make a mark on the ther- 
mometer to show how noisy, annoying, or objectionable you 
thought the noise was. There are no right or wrong answers; 
we want a measure of your personal reaction to each of the 
noises . 


Your participation in this experiment is voluntary, so 
you are free to withdraw at any time . If you wish to stop the 
noises for any reason, you may do so by pressing the red abort 
button on the side of the subjects 's chair. 

Thank you for helping us in this investigation. 


1 

No 

annoyance 0 
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VOLUNTARY CONSENT FORM FOR SUBJECTS FOR HUMAN RESPONSE TO 
AIRCRAFT NOISE AND ,£>RATION 

I understand the purpose of the research and the technique to be used, 
including my participation in the research, as explained to me by the Princi- 
pal Investigator (or qualified designee). 

I do voluntarily consent to participate as a subject in the human response 
to aircraft noise experiment to be conducted at NASA Langley Research Center 

on . 

date 

I understand that I may at any time withdraw from the experiment and that 
I am under no obligation to give reasons for withdrawal or to attend again for 
experimentation . 

1 undertake to obey the regulations of the laboratory and instructions of 
the Principal Investigator regarding safety, subject only to my right to with- 
draw declared above . 

I affirm that, to my knowledge, my state of health has not changed since 
the time at which 1 completed and signed the medical report form required for 
my participation as a test subject. 


signature or subject 



NASA- Langley, 1976 
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